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Abstract 
Incorporating sustainability in the construction process is essential to protect ecosystems, improves air quality, 
reduces solid waste, conserves natural resources and improves water quality. This paper discusses the study on 
enhancing the quality of life by adopting Sustainable Modular Industrialised Building System (IBS) which focuses 
on the Malaysian construction industry players and stakeholders, building owners and end users need. The 
sustainability principles in IBS have always maintained the balance between environment and construction, improve 
human self-respect and encourage economic development to strive for a better quality of life. 
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1. Introduction  
The construction industry is essential t o  an y  na t io n ’s  g ro wt h  as it plays an economic role and 
contributes to the nation’s Gross Domestic Product (GDP). In addition to the economic importance, the 
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construction industry also accounts for a high political, environmental and social profile, providing a key 
role in providing development and construction, as well as being a vital employer. Although the 
construction industry contributes around 3% to the GDP in the year 2010, it is a valuable portion of 
the Malaysia economy. Construction industry is a significant contributor through the multiplier effects to 
other industries (Hamid et al. 2009). Therefore, the construction industry could be described as a 
significant economic driver in Malaysia’s economic growth. The current level of quality, productivity, 
non environment-friendly, lack of safety and excessive reliance on unskilled foreign workers, the 
state of the Malaysian construction industry is not in line with the future development of Malaysia 
(CIDB, 2003). One option to solve the Malaysian construction industry problems is to move towards 
industrialisation by adopting IBS in the construction industry. 
The Malaysian government introduced IBS Roadmap and Construction Industry Master Plan (CIMP) 
2006-2015 to improve and modernise the Malaysian construction industry that has been plagued by many 
issues. The aim of IBS adoption in Malaysia is to reduce the dependency on foreign labour and save the 
country’s loss in foreign exchange (Hamid et al. 2008; Hussein, 2007). IBS provides the opportunity for 
the players in the construction industry to project a new image of the industry to be on par with 
manufacturing based industries. In addition, the adoption of IBS promises to eleviate every level of the 
construction industry to a new height and image of professionalism (CIDB, 2007). Furthermore, the 
adoption of IBS will provide efficient, clean, safe and innovative attributes that will be associated with 
the Malaysian construction industry. IBS construction also will save valuable time, and it helps to reduce 
the risk of project delays and possible monetary losses (CIDB, 2007). 
Modular IBS can be categorises into Modern Method of Construction (MMC) and offsite construction 
industry system. Developed countries such as the USA and UK use modular IBS or modular construction 
due to its advantages and benefits (Lawson et al. 2012). Modular IBS is a construction method of 
attaining better construction quality, efficiency and productivity, reducing risks related to occupational 
safety and health, speed up project duration, flexible (reuse, movable, deconstruction and refurbishment) 
and achieving the ultimate goal of reducing the overall cost of construction (economy of scale in 
manufacturing of multiple repeated units). Modular IBS also produces less wastage, fewer site materials, 
a neater and cleaner environment, controlled quality because modular IBS is produce in a factory. In 
addition, modular IBS provides sustainable design and construction solutions for improved environmental 
impact (Lawson et al. 2012; LEED, 2009; MBI, 2010, 2013). By adopting sustainable modular IBS in the 
Malaysian construction industry, not only will it lead to a better and improved building, but it will also 
enhance the quality of life of the occupiers. The launching of the Industrialised House Technologies 
(IHT) in October 2013 under the PR1MA initiatives by the Malaysian Prime Minister has the same vision 
and will set the scene of Modular IBS in Malaysia. 
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2. Literature review 
2.1. Construction Industry Master Plan (CIMP) 2006-2015 
The CIMP 2006-2015 published in December 2006 as a way to represent the future direction of the 
Malaysian construction industry. Sustainable Modular IBS is in line with Strategic Thrust 3: Towards 
highest standard of quality, occupational safety and health and environmental practices and Strategic 
Thrust 5: Innovate through RandD to adopt a new construction method (CIDB, 2007). The envisioned of 
CIMP 2006-2015 is to be progressive construction sector that lies on sustainable and innovative 
development. Figure.1 shows the overall strategic thrusts in CIMP and its enabling recommendations. 
 
Construction Industry Master Plan (CIMP) 2006-2015 
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Fig. 1. Construction Industry Master Plan (CIMP) 2006-2015 (CIDB, 2007) 
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2.2. Overview of Industrialised Building System (IBS) in Malaysia 
Industrialised Building System (IBS) is the term used by the Malaysian industry and government to 
claim the use of prefabrication of components in building construction and the adoption of building 
industrialisation. IBS is a construction technique in which the components are manufactured in a 
controlled environment (on or off-site), transported, positioned and assembled into a structure with 
minimal additional site work (Kamar et al. 2012). Malaysia has categorises IBS to suit the local 
practice through the years as shown in Table 1. 
Table 1. Categorisation of IBS in Malaysia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Malaysia is still in the stage of hybridization system and in the initial stage to implement 
modular building, and the evolution pattern of the categorisation of offsite system is in Figure 2. Modular 
IBS or modular construction is not apart of the current CIDB categorisation of IBS components. 
 
 
 
 
 
Fig. 2. Evolution Pattern of Offsite Construction Industry (Azman et al. 2010) 
 
IBS Introduce in Categorisation of IBS IBS Component 
 
Early 60’s 
 
(Badir et al. 2002) 
1. Frame System 
2. Panel System 
3. Box System 
 
Early 90’s 
 
(Badir et al. 1998) 
1. Precast concrete framing, panel and box systems 
2. Load bearing block 
3. Sandwich panel 
4. Steel frame 
 
2003 
 
(CIDB, 2003) 
1. Pre-cast concrete framing, panel and box systems 
2. Formwork systems 
3. Steel framing systems 
4. Prefabricated timber framing systems 
5. Block work systems 
 
2010 
 
(CIDB, 2010a) 
1. Pre-cast concrete systems 
2. Formwork systems 
3. Steel framing systems 
4. Prefabricated timber framing systems 
5. Block work systems 
6. Innovative 
Component Non-Volumetric Volumetric Hybrid Modular 
Building 
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The benefits offered by IBS are immense and plausible, but there are problems occurring in the 
implementation of the IBS in Malaysian construction industry. The problems are poor implementation of 
IBS projects by government agencies, high cost of IBS components, low standardization of components 
and design solutions, poor IBS knowledge management and human capital development and no 
centralised IBS R&D Centre. 
The new IBS Roadmap 2011-2015 published in 2011 was to replace the current roadmap. The policy 
objective is to impose high level intended outcomes of implementing IBS. The four policy objectives are 
quality, efficiency, competency and sustainability (CIDB, 2010b). A sustainable IBS industry will 
contribute to the competitiveness of Malaysian construction industry. The first pillar of the roadmap is 
excellent quality designs with high quality components and buildings are the desired outcome of IBS. 
Aesthetics should be promoted through innovation. The second pillar is to ensure the usage of IBS; the 
completion time speed up for an IBS project or building, more predictable and efficiently manage. 
Third, to have a ready supply of competent IBS professionals and workers throughout the entire 
project life cycle: from design, manufacture and building to maintenance. The last pillar is to create a 
financially sustainable IBS industry that balances user affordability and manufacturer viability (CIDB, 
2010b). 
IBS Roadmap will chart the way forward for sustainable IBS adoptions both in public and private 
sectors. The goals for the roadmap are sustaining the existing momentum of 70% IBS content for public 
sector building projects through to 2015, and increase the IBS content to 50% for private sector building 
projects by 2015. According to Mohammad (2013), using IBS as a platform in pursuing the sustainability 
agenda can also be immensely rewarding because it can offer organisations and players potential benefits. 
This may include new and untapped business opportunities, a greater focus on longer-term emerging 
customer needs, migration into business areas that have greater. 
2.3. Sustainability through Modular Industrialised Building System (IBS) 
There are many MMC introduced to the construction industry due to innovation and improvement of 
construction technology. Modular construction or modular IBS was  introduced back in the 1940s. Since 
then, modular IBS has been improving and h a d  revolutionised through the years. Modular IBS is 
an innovative process of building construction using a concept of mass production of industrialised 
systems (identical and modules), produced at the factory within controlled environments;  it includes 
the  logistic  and assembly aspect of it on site, done in proper coordination with thorough planning 
(LEED, 2009; MBI, 2008). 
Structurally, modular buildings are stronger than conventional construction because each module is 
engineered to withstand loads independently, the rigors of transportation at the same time, the craning 
onto foundations. Once together and sealed, the modules become one integrated wall, floor and roof. 
Building off-site ensures better construction quality management. Materials deliver to the plant 
location and securely store in the manufacturer’s warehouse. The materials store in the warehouse to 
prevent damage or deterioration from moisture. Manufacturing plants have quality assessment and 
control (QA/QC) programs with independent inspection. In addition, testing protocols that promote 
better quality of construction are being adopted in every step of the way. Beyond quality 
management and improved completion time, modular IBS offers numerous other benefits to owners 
(MBI, 2010). 
Removing approximately 80% of the building construction activity from the site location reduce site 
disruption, vehicular traffic and improves overall safety and security. For schools, hospitals, or other 
active businesses, reducing on-site activity is a tremendous advantage and thereby eliminating a large 
part of the on-going construction hazards. As owners and designers look for more sustainable designs for 
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improved environmental impact, modular IBS is inherently natural fit. Building in a controlled 
environment reduces waste through avoidance upstream rather than diversion downstream. This, along 
with improved quality management throughout the construction process and significantly less on-site 
activity and disturbance, inherently promotes sustainability. In addition, modular IBS produces less noise 
and improves air quality because the modular structure is substantially complete in a factory-controlled 
environment using dry materials (Lawson et al., 2012; MBI, 2010). 
 
Modular IBS takes most of the production away from the construction site. Faster and efficient factory 
processes are replacing the slow unproductive site activities. Construction of modular buildings occurs 
simultaneously with site work, allowing projects to be completed in half the time of t h e  conventional 
construction method. In addition, modular IBS is ‘smart’, whereby each module of t h e  modular IBS 
is identical, produce by the same materials, same building standards and architectural specifications as 
conventional construction. Once assemble, they are virtually indistinguishable from their site-built 
counterparts. Modular IBS is also movable and flexible where it can be dismantle, refurbish and 
move to another location for new use, reducing the need for raw materials and minimising the amount of 
energy to create a building to meet the new need (MBI, 2013). 
2.4.  Green Building Index (GBI) 
The Malaysian government announcement on the creation of the Energy, Green Technology and 
Water Ministry to lead the country’s sustainability agenda in the cabinet is timely in tackling all related 
green issues. The emphasis on creating green or environmentally friendly buildings are the highlight 
during the launches of Green Building Index (GBI) by the Minister of Works shows the commitment from 
the construction industry mainly from organisations like Association of Consulting Engineers Malaysia 
(ACEM) and Malaysian Institute of Architect (PAM) (Hamid et al. 2009). 
The Green Building Index (GBI) is Malaysia’s industry recognised green assessment tool for 
buildings  to  promote  sustainability  in  the  built  environment  and  raise  awareness  among  owners, 
architects, developers, engineers, planners, designers, contractors and the public about environmental 
issues and to lead towards Malaysia’s sustainable direction for the future generations (GBI, 2013d). The 
GBI rating tool provides an opportunity for developers and building owners to design and build 
sustainable buildings that can provide energy and water savings, a healthier indoor environment, better 
connectivity to surrounding public transport, the adoption of recycling and green toward the projects and 
to reduce the impact on the environment (GBI, 2013a, 2013d). 
GBI (2013d) is specifically for the Malaysian-tropical climate, environmental and development 
conditions, cultural and social needs. GBI is describing green buildings by establishing a common 
language and standard of measurement; promote integrated and whole-building designs that provide a 
better environment for all. It is also to recognise and reward environmental leadership and transform the 
built environment to minimize its negative environmental impact. In addition, GBI ensure new buildings 
remain relevant in the future, and to refurbish and upgrade existing buildings to improve the overall 
quality of the building (GBI, 2013a). 
GBI Malaysia rating is based on 6 keys criteria which are energy efficiency, indoor environmental 
quality, sustainable site planning and management, materials and resources, water efficiency and 
innovation. Achieving points in these targeted areas and criteria mean that the building will likely be 
more environment-friendly and sustainable than those that do not address the issues. Under the GBI 
assessment framework, points will also be awarded for achieving and incorporating environment-friendly 
features (GBI, 2013b). The latest Residential New Construction (RNC) launched July 2013 by GBI 
allocated points for IBS usage in the residential building assessed, sustainable site planning and 
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management section (GBI, 2013c). This shows that GBI has acknowledged IBS contributions toward 
sustainability. 
2.5. Degree of Industrialisation (Richard, 2005) 
According to Kamar et al. (2012), sustainability involves innovation and the adoption of modern 
method of construction through industrialisation. It is centrally organise, mechanised and automated 
production operations and focuses on mass production. Industrialisation is a part of a wider modernisation 
process through the revolution and the development of modern methods of production and technology 
system, mainly factory production (Lessing, 2006). 
One of the most influential studies on industrialisation categorisation in construction was the work by 
Roger-Bruno Richard (2005). In his research, he stated that the large numbers of components are sub- 
assemblies; therefore, construction is still forever site-intense handicraft. As a result, the degree of 
industrialisation should be an indicator to measure the level of industrialisation adoption in construction 
(Richard, 2005). The degree of industrialisation discussed in Richard’s research is in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 3. Degree of Industrialisation (Richard, 2005) 
There are five degrees of industrialisation described by Richard (2005). They are prefabrication, 
mechanisation, automation, robotic and reproduction. Prefabrication is manufacturing process that takes 
place at a specialised facility, where different materials are join to form a component part of the final 
installation. Mechanisation comes in whenever machinery usage is to ease the workload of the labourer. 
Automation is a situation when the tooling (machine) totally takes over the tasks performed by the 
workers. Robotics comprises the ability of the same tooling and machineries which has the multi-axis 
flexibility to perform diversified tasks by itself. Reproduction implies the research and development of 
innovative processes is truly capable of simplifying the production process. 
According to Richard (2005) the first four degrees are under the influence of the conventional 
methods of building. Prefabrication aims rather at the location on the production where the next three 
degrees (mechanisation, automation and robotics) aim at substituting workers with machineries (Richard, 
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2005). Reproduction, on the other hand, is a concept from the printing industry and it is an innovation 
capable of simplifying the multiplier of complex goods, delivering affordable and quality building to a 
vast majority of people. 
Mahbub (2012) highlighted that the problems associated with the construction industry such as, 
decreasing quality and productivity, labour shortages, occupational safety and inferior working condition 
have highlighted the need for an innovative solution within the industry, including the push for further use 
of industrialization and construction automation and robotics application on site. 
3. Methodology 
This paper is part of an on-going research on adopting sustainable modular IBS through IBS approach 
in the Malaysian construction industry. It is still at the initial stage as such the information presented is 
primarily on the review of relevant literature on the modular IBS and the Malaysian construction industry. 
The nature of this research is to introduce sustainable modular IBS which is in line with the current state 
of Malaysian construction industry and Malaysian government initiatives. The information gathered is 
from the secondary data comprising relevant books, journals, reports, webpage and conference 
proceedings. The collected data are analysed using content analysis method.  
4. Findings and Discussion 
Findings from the literature illustrate the relationship between modular IBS and sustainability. 
Modular IBS and IBS contribute into achieving sustainability in the construction industry, overall life 
cycle of a building and towards the environment. Modular IBS contributes to sustainability by 
producing less waste (offsite and on-site), high quality products, reducing damage towards the 
environment and ecosystems, less air and sound pollution, safety on-site and in the factory vastly 
improve, flexible, recycle and reduce site disruption.  Modular IBS provides sustainable design and 
construction solutions for improved environmental impact. In addition, modular IBS can be categorises 
as sustainable construction, MMC and offsite construction system. The relationship between modular 
IBS and sustainability is in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The Relationship between Modular IBS and sustainability: Sustainable Modular IBS 
The introduction of sustainable modular IBS through IBS approach is in line with the Malaysian 
government’s ambitious move to transform the country’s construction industry to a higher level. Based on 
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a review of CIMP 2006-2015, sustainable modular IBS is in line with Strategic Thrust No.3: Towards 
highest standard of quality, occupational safety and health and environmental practices and Strategic 
Thrust No.5: Innovate through R&D to adopt a new construction method. From the findings, sustainable 
modular IBS contributes to sustainability, produces high quality product and increase safety offsite and 
on-site. These benefits are in line with CIMP’s Strategic Thrust No.3. In addition, modular IBS is new 
and an innovation in the Malaysian construction industry which is very much in line with CIMP’s Strategic 
Thrust No.5. 
CIDB current categorisation of IBS components does not include modular IBS. However, there has 
been a move to introduce modular IBS or modular house in the categorisation in the near future. The 
introduction of sustainable modular IBS through the IBS approach seems quite timely and appropriate 
with the current government’s agenda. Based on the review on the new IBS Roadmap 2011-2015, 
sustainable modular IBS can achieve all four policy objectives of the roadmap which are quality, 
efficiency, competency and sustainability. The production of sustainable modular IBS is conducted in a 
factory, in a controlled environment which makes it easier for sustainable modular IBS to achieve all 
four policy objectives of the IBS roadmap. 
The points allocated for IBS in the new rating tool shows that GBI acknowledges IBS contribution 
toward sustainability. It will encourage Malaysian construction industry stakeholders and players to adopt 
IBS in their projects to secure and score points in the IBS area. Even though the allocation of points for 
IBS in the new rating tool is relatively low, it is c o n s i d e r ed  an excellent start. Maybe with the 
introduction of sustainable modular IBS through IBS approach, the GBI rating agency will consider 
increasing the allocation of points in the sustainable site planning and management section for IBS, 
or allocating new points in the innovation section to include innovative and MMC. 
Based on the review of the degree of industrialisation by Richard (2005), the CIDB current 
categorisation of all IBS components are placed in the prefabrication stage. In order for the Malaysian 
construction industry to move forward, all parties involved in the construction industry needs to move up 
in the degree of industrialisation. The construction industry, therefore, needs to adopt a higher level of 
mechanisation, automation, robotics and reproduction in their construction approach. Sustainable 
modular IBS has a unique character that it will be able to adopt three stages or levels in the degree of 
industrialisation which are mechanisation, automation and robotics, with the options of adopting 
reproduction. This is due to the assembly line manufacturing process used in the production of sustainable 
modular IBS. It will be able to fill in the gap that existed between the manufacturing and the construction 
industry. Through the adoption of mechanisation, automation and robotics in the process and 
implementation of sustainable modular IBS the construction industry, it is hope that the main problem on 
the dependency of foreign unskilled labours in the Malaysian construction industry will be addressed 
accordingly. 
Construction research that focuses on modular IBS is at an initial stage and relatively a new field, 
mainly in developing countries such as Malaysia. Modular IBS used, practiced and implemented in 
developed countries such as the US and UK for many years was due to its benefits and advantages 
toward the construction industry players and stakeholders, building owners and end users in the respective 
countries. Modular IBS had been used by the US and UK since World War II in order to solve the 
residential problems for their soldiers in the war. Furthermore, after World War II, the high demand for 
housing and building were the main reasons for using industrial methods in the construction industry 
based on economic goals, quick, cheap and mass building production. More research on modular IBS 
needs to be conducted in the context of the Malaysian construction industry scenario. This is necessary 
to enable Malaysia to move forward from the conventional prefabrication of the IBS towards modular 
building, which will revolutionize the pattern and mode of the offsite construction industry. 
 
88   Muhamad Faiz Musa et al. /  Procedia - Social and Behavioral Sciences  153 ( 2014 )  79 – 89 
Among the challenges in adopting sustainable modular IBS in the Malaysian construction industry will 
be the issues on readiness, awareness and acceptance of Malaysian construction stakeholders, 
players, building owners, and end users towards sustainable modular IBS. Even though sustainable 
modular IBS has proven to be beneficial and provides positive impacts, there will nonetheless be 
challenges to the adoption and implementation of sustainable modular IBS. Sustainable modular IBS 
provides high construction quality and productivity, reducing risks related to occupational safety and 
health, alleviating issues for skilled workers and dependency on foreign labour, and achieving the 
ultimate goal of reducing the overall cost of construction.  If these benefits are to be returned, it will 
be transfered directly to the owners/occupiers in the form of better building quality, reducing the 
purchasing cost and in the long run will increase the value of the property which will eventually 
improve and enhance the quality of life of the owners/occupiers. Apart from this, it also contributes to 
the sustainability agenda by producing less waste, high quality products, reduces damage towards the 
environment, less air and sound pollution, safety on-site and in the factory while vastly improve and 
reduce site disruption. 
5. Conclusion 
The current study has established the importance of sustainable modular IBS towards enhancing the 
Malaysian construction industry. There is the need for the Malaysian construction industry to opt for a 
new and improved construction technique, in order to shift from the conventional construction to the 
modern method of construction and sustainable construction approach. The literature presented has shown 
that the current states, issues of Malaysian construction industry and the Malaysian government initiatives 
in modernising and achieving sustainability in the construction industry, thus the introduction of 
sustainable modular IBS in line and suit the government ambition. From the literature review, there are 
many advantages and benefits that can be capitalised from the adoption of the sustainable modular IBS. In 
the end, the outstanding quality and durability of buildings delivered to the owner or occupier and end 
users will lead them to a better quality of living and, therefore, to a better quality of life. Future studies 
to examine the overall process, requirements and the implementation of the system including getting 
critical feedbacks from players and potential end users. The results of the main research will hopefully 
provide the basis of a guideline to support and enhance the Malaysian construction industry’s move into 
positive transformation aimed in the near future. 
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